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on the following two days was giving southeasterly to 
northwesterly gales of force 9 near the 40th parallel and 
between meridians 150' and 160' east. The lowest ob- 
served pressure in connection with the disturbance was 
29.28 inches recorded on hoard the British S. S. Rohert 
Do77nr, in 39' 52' PIT., 150' 59' E., near midnight of the 
24th. This c clone se.ems to have moved int,o the Aleu- 

remained practically stationarr during the last three or 
four days of June. 

The followin vessels re orted waterspouts: 
America.n S. %. Ensley &ty: 
June 6, 2 p. m. 

American S. S. Prraidrnt Jpfirsoii: 
June 30, 8 a. in. (civil date). In 1atit.ude 37' 12' N., longitude 

144' 30' E., sighted B lar e waterspout. sbout 400 feet high, last- 
ing about 10 minutes. %ind calm at the t.ime; weather occa- 
sionally squally; sea smooth. - 

tian area an B thence into the Gulf of Alaska, where it 

Passed a waterspout. in lditude 11' 43' N., 
longitude 90 30' W., traveling froni BW. to NE. Dark rain 
clouds overhead. 

SOUTHWEST MONSOON IN ARABIAN SEA; GALES I N  
SOUTH PACiFlC OCEAN 

By ALBERT J. ~ICCWRDY,  Jr. 

Gales in the Arabian Sea during the period June 9-23 
aa reported by vessels traversing shippin routes in that 

monsoon. 
During this period the American steamships l4'i71iam 

Penn, Anniston and Standard drrow encountered mod- 

region point to a strong developnient o T the southwest 

erate to fresh gales. 
The WilZinm Penn, Capt. R. €1. Wright, proceedin 

from SingaDore toward Karachi. on the 9th encountere 8 
a moderiti southwesterly gale accompanied by rou h 

lowest pressure observed was 29.71 inches, at  5.37 p. m., 
in 5' 43' N., 84' 15' E. The wind a t  the time was SW., 
force 6, later increasin to force 7. Similar conditions 

ceeding from C a h t t a  t.0 Boston, via Colombo, encoun- 

seas. Mr. J. E. King, second officer, reports that t % e 

prevailed t h o u  bout t a e loth. 
On the 10th t i e  5 Anniston City, Capt. H. Doyle, pro- 

5 ~ / . 5 0 6  (73) DETAILS OF THE WEATHER 

GENERAL CONDITIONS 

By A. J. HENRY 

The cool showery weather of the previous month in 
northeastern United States continued through the 
middle of June and even into. the third week of the 
month. On the whole the northeastern districts (east of 
Rocky Mountains and north of Tenncsseel were cool and 
the remainder of the countr was warm. Precipitation 

Coast States and west of the Rockies continuing. The 
usual details follow. 

was very irregularly distri % uted, drought in Pacific 

tered a southwesterly ale in 6' 31' N., 86' 10' E. Mr. 
W. J. Mullaney, thir% officer, states that the lowest 
barometer, 29.55 inches, was recorded at  11 a. m., on the 
10th. The wind at  this time was W., force 7, later 
shifting to SW., and increasing to a fresh gale that lasted 
until noon of t-he 12th. Almost identical conditions 
were e s  erienced on the 22d and 23d in 12' 46' N., 

From the 11th to 17th the Standard Arrow, Capt. J. C. 
Harding, proceeding from Calcutta to Port Said, steadily 
experienced sout-hwesterly winds of force 7 to 8,  accom- 
panied b rough seas. The observer, Mr. W. Towmend, 
rep0rt.s t at  the barometer was stead during this period, 
ran in between 29.73 and 29.89 

&earst. gale in the S0ut.h Pacific was associated with a 
disturbance off the coast of Chili that appeared on June 9 
and until the 12th occasioned moderate to whole gales 
with high seas. The Danzig S. S. Gedania, Capt. T. 
Schroeder, bound for Snn Pedro from Campana (southern 
Chili), came within its influence on the 9th. Mr. F. 
Hesse, t.liird officer, re orts that the lowest pressure 

noon on the 9th in 44' 54' S., 80' 46' W. The wind at  
this time was W. by S., force 10. Rough weather con- 
tinued throu h the 11th. 

received. from the British S. S. Tahiti, Capt. R. C. 
Showman, bound from Sydney to Wellington. The 
observer, Mr. S. Hodson, states that a fresh gale began 
a t  10 p. m., on the 20th accompanied by frequent heavy 
rain squalls. The lowest barometer recorded was 30.01 
inches, this occurring R t  10.43 p. m., in 37" 04' S., 160' 
30' E. The wind at  the time was SSW., force 8. This 
ale lasted throughout the morning of the 21st and 

%ring that time the wind remained steady, blowing 
from the SSW. 

The same vessel again encountered heavy squdls on 
the 23d, while in the vicinity of New Zedand, reporting 
conditions similar to those esperienced in the previous 
storm. The lowest pressure was 29.51 inches, occurring 
on the 24th, in 41' 20' S., 174' 50' E. At this time the 
wind was W., force 7. The ale ended on the 25th. 

IN THE UNITED STATES 

which developed over the Plateau and Rocky Moimtain 
regions became important storms for a day or two and 
then rapidly declined in intensity. 

Of the 10 high-pressure areas which seemed worth of 
charting only two were of much importance in t 3: eir 
effects. The first, a HIGH of the Hudson Bay type, gave 
cool easterly winds to the Northeastern Stntes and the 
Middle Atlantic States from the 9th until about the 
13th; while the second, an Alberta HIGH, ushed down 
from the northwest and slow1 oversprea B middle and 
northern sections east of the Sockies with 'abnormally 
cool weather over these regions from the 29th of June 
until about the 6th of July. 

55' 57' E 

i! 
inc x. es. 

observed was 29.37 inc E es (uncorrected), occurring at 

A report o 7 the second gale in the South Pacific waa 

Highest force of wind 8, from 8 W. by W. 

CYCLONES AND ANTICYCLONES 

By W. P. DAY 

The low-pressure areas were generally c,hari%cteristic of 
the month of June with an increasing fre uency of devel- 
opment over the Rocky Mountain and h a t e a u  regions 
and central interior districts. Three of these LOWS 

FREE-AIR SUMMARY 

By V. E. JAKL, Meteorologist 

The avera e free-air conditions over the country as 
determined fy kites a t  the six aerological stations 
showed throughout the range of altitude covered by the 
observations, no important departures from normal. 
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Certain pronounced departures within limited altitudes, 
however, observed at some stations, were significant in 
their relation to the surface-weather conditions that pre- 
vailed over the regions affected. The month had some 
unusual features, to which can be attributed the difiicul- 
ties encountered a t  a number of stations in obtaining 
kite observations with the desired regularity. Frequent 
preci itation at Royal Center and Drexel, and an unusual 
num t er of thunderstorms a t  the latter station, taxed the 
ingenuity of the station forces to obtain satisfactory 
Qhts under safe conditions. At Drexel, contributing 
to the rainfall of the wettest month in the history of the 
station, there were 21 days with measurable amounts of 

At Due best light winds handicapped the work, velocities insuffi- 
cient for launching kites restrictin observations b that 

other stations more favorable conditions for kite observa- 
tions prevailed. At Broken Arrow, a flight to 6,700 
meters on the 3d exceeded all previous records for alti- 
tude a t  that station. In this flight, made in the front of 
a weak HIGH, the winds were from a gemeral northwesterly 
direction throughout the air column sounded, the veloci- 
ties increasi steadily from li h t  on the ground to gale 

ually from the ground to ver dry air at  the top, while 

temperature departures extending to the upper limit of 
observation occurred only over eastern North Dakota, 
where the Ellendale record shows that it was uniformly 
a little colder than normal at  all levels observed and a t  
Royal Center to a less degree than at Ellendale. Over 
other aero!o cal stations, free-air tem eratures were 

s owing the surface-temperature de artures, may be 
considered a fair representation of t e free-air depart- 
ures as well, inasmuch as the departures aloft and nt 
the surface did not differ much a t  any station. 

An inspection of the wind resultants (Table 2) shows 
normal directions and velocit3ies over all stations except 
Drexel and Ellendale. The wind resultants a t  all stma- 
tions for all altitudes are substantially in agreement with 
the results of pilot-balloon observatlons, and can thwe- 
fore be accepted as a true re resentation of wind condi- 

ruptions to regular kite observations experienced at some 
of the stations. At Drexel the winds nverqed about 
southeast in the lower levels up to about 1,250 meters, 

recipitation and 19 days with thunderstorms. 

method to about half the days o 9 the month. It the 

force at  the T ighest point. gumidits diminished grad- 

temperature fell re ularly at a % out the normal lapse rate. 
Referring to Tab 5 e 1, It will be noted that well-marked 

enerally slig f tly above normal. Chart 18, this REVIEW, 

l 5 

tions for the month, notwit 1 standing the inany inter- 

as compared with normal directions for 
ing from south to southwest, while in the u 
above 2,000 meters, the resultants had 
northwesterly component than normal. 

-- 
Time 

.:W-2:24 p.m _ _ _ _ _ _ _ _ _ _ _ _ _  
9lb10:34 p.m _ _ _ _ _ _ _ _ _ _ _  

,THER REVIEW JUNE, 1924 
in the lower levels to 1,000 meters the resultant winds 
were northerly, or about opposite the normal and dia- 
metricall o posed to the wmds a t  corresponding levels 
at  Drexel !n the up er levels above 2,000 meters, the 

same direction as at Drexel. 
Opposing winds in the lower levels a t  Drexel and Ellen- 

dale undoubtedly had an important bearing on the ab- 
normal weather conditions prevailin a t  the former sta- 

surface-wind record at Drexel shows that most of the 
precipitation at that station was associated with com- 
paratively brief intervals of northerly wind breaking in 
on. the prevalent southeasterlies. 

The best example of upper air observations made close 
to the rain area and hence best dustrating the condi- 
tions accom an in this t e of precipitation during the 

tions a t  Ellendale for the 14th. The results are iven in 

tions that accompanied many of the rain storms at both 
Drexel and Ellendale. 
Meteorological conditions at Ellendale, N .  Dak., on June 14, 1994 

winds were more nort i erly than normal, and about the 

tion as regards precipitation and t fl understorms. The 

mont,h, is a 8 2 %  or ed y the 9p ite and pilot balloon observa- 

the following table, and are apparently typical o 9 condi- 

[Altitude, m. 8.1.. meters] 
WIND DIRECTIONS A N D  VELOCITIES. M. P. 8. 

-- 
1,500 2.m 2m 3 , m o / a , m  

------ 
S S E . 4  8.4 SSE.-a w.-5 w.4 

NNE.-IO NNE.-11 N.-l2 NW.-13 WNW.-19 

TEMPERATURE, OC 

9:10-1024 p.m ___.____________________ 1 l e 9 1  17.01 17.6 1 16.4 

HUMIDITY, PER CENT 

TEMPERATURE, 'C .  

4 1  I 1.7 9:10-10:24 p.m _ _ _ _ _ _ _ _ _ _ _  1 13.7 I l a g  [ 7.5 I 
I 
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part- 

6-yr. 0-yr. 
mean (mean 

Rain began almost immediately after the afternoon 
pilot-balloon observation, the surface wind simultane- 
ously shift' from southerly to northerly, 

balloon observation just precedin t e storm shows 
southerly winds to a considerable feight, it is evident 
that the change to northerly took place first along the 
ground, gradually extending to the upper levels, until a 
general condition of northerly winds was attained, as 
shown by the evening kite observation. Undoubtedly 
the heavlest precipitation and thunder, recorded in the 

1 accompanied "$ y abruptfy a sud en drop in tem erature. As the 

ne- De- De- De 
part. part- part- part. 

4-yr. I -yr. &yr. 6%. 
mean mean mean mean 

rn Mean &:: Mean ;b: Mean Mean 

Confirming in general the accuracy of these observs- 
tions, a number of double-theodolite pilot-balloon ob- 
servations to high altitudes were taken at Groesbeck, 
one on the 14t.h extending to the unusually hi h alti- 
tude of near1 14,000 meters. A double-theodo?ite ob- 
servation m K e at  Broken Arrow on the 21st, extended 
to 13,500 meters, and showed mostly easterly winds to 
7,000 meters, and westerly winds above. The computa- 
tion of all the double-theodolite observations showed an 
ascensional rate in excellent agreement with the adopted 
standard, on which single-theodolite work is based. 

Surface.. 
250 _ _ _ _ _ _  
500.---.- 
750..--.. 
l.oOO..-.. 
l,ZSO.---- 
1.500.--.- 

early part of the storm, were associated with the enterin 
wedge of colder air from the north, while the endin 05 

recipitation indicated that the change in direction %ad 
!,en accom liahed from the ground to the prevailing 

pressure gradients in the vicinity of Ellendale in the 
morning, chan ing to gradients north of a well-defined 

Relative humidities showed no abnormal features, even 
at the stations where the month was unusually wet.. 
Over Drexel, in fact, the humidity averaged slightly be- (m.' 

low normal. This apparent discrepancy can be ex- 
plained b the fact t,hat the preci itation at  Drexel on - 

duration, and that the kite observations were taken in %:::::, 
the intervals of fair weather. 

Winds from an easterly direction at high altitudes i.z50--.-. 

occurred at  a few southern stations during the middle ig::::: 
and latter portions of the month, except that at  San tg::::: 
Juan, P. R., they were of eneral occurrence at  all alti- 3,500 

Groesbeck and Key West, only single occurrences on W O O - - - - .  

scattered dates. are recorded. these being for Broken - 

TABLE 

westerlies a P oft. The weather maps show indifferent - 

AM- 
tude LOW which ha f developed from the south. 
s. ,. 

on most (9 ays occurred in thunders K owers of rather brief 

tudes throughout the mont B . In the States, except at  

Surface- 

760-----. 
1 .OOo..-- 

?E::::: 

70 -4 7d 4-6 66 +3 65 -6 77 +2 74 +10 
70 -4 _ _ _ _ _ _  _ _ _ _ _ _  661 +3 _ _ _ _ _ _  _ _ _ _ _ _  78 +Z 74 +10 
71 -3 73 +5 66 +I 64 -6 80 +3 
70 -4 A8 +3 651 -1 62 -13 77 +I 2 $.! 
M -7 62 -? 65' -1 W -3 67 -5 74 +11 
110 -11 57 -I3 671 +I  BB 0 68 -9 77 4-13 
55 -14 54 -7 69' +2 68 +4 52 -12 78 4-13 

Arrow, Due  west,^ Memphis' and San fiancisco. At 
Groesbeck and they were observed 

were possible, from 
When they were not 

possible, upper clouds were observed moving from an 
easterl direction. During this period Groesbeck was 

trough of low ressure, the easterly winds occurring 

to the surface pressure distribution; Key West as a rule 
was situated within or in the outer fringe of a HIGH 
1 'ng to the north, nort,heast or east of the station, and 
t F e winds there were generally from an easterly direc- 
tion at  all levels. 

It has been found from a statistkal study of previous 
years at  Groesbeck that in the summer months there is 
a strong easterly .component in tvhe high-altitude winds 
above that station. Hence, in connection with t.he 
month's record at  Key West and San Juan, it may be 
inferred that a tendency to easterly winds aloft is charac- 
teristic of the mid-summer months over the Gulf States. 
The current month's record at  Groesbeck further shows 
that when this influence is dominating, local disturb- 
ances, such as de ressions, are effective in overcoming 

gener a i  y situated southeast of a more or less well-defined 

above winds in t K e lower levels which conformed roughly 

this influence in t R e lower altitudes only. 

I 
B. 70 +a 56 

19: z$+n: SB 
17. 05'+0.4 

~ .37~-0 .70  

23.53+0 60 
?1 34!+0 87 

14 55:-0.20 
1 2  52'-0.53 

7. WI -0.14 

1.-Free-air temperatures, relatitle ' humidities, and vapor 
pressures during June, l S S / ,  

TEMPERATURE (OC.) 

17.83 -0.11 E. 53 +I. 14 

14.20 -0. I 17: tm +O: IX 
12. BO -0.73 is. IR +a 5s 

8.59 -0.01 11. 29 +a a 

_ _ _ _ _ _ _ _ _ _ _ _  Z2O+1 15 
16.61 -0.20 19 67 +091 

11.13-0.W I4.96+0.69 
9.91 -0.82 13.78 +O. 82 

7.17 +o. 32 8.58 +o. 05 

Due West, Ellendale. Cfroesbeek, Royal Cen- 
~ ~ % l % ~ I  %? 1 S. C .  1 N. Dag. 1 Tex. 1 ter. Ind. 

(233 m.) 1396 m.) (217 m.) (444 m.) (141 m.) (225 m.) 

5.59 +O. 11 6.110 
4.39 +o. 06 5. 18 
3.44 +O. 06 4.07 

1.86~+O.M ' I  3.87 
3. LU +a M 3. s5 

+I. 00 6. M -0.21 +o. 69 4.96 -0.05 
+O. 45 4.00 4-0.52 

+1.49 _ _ _ _ _ _  +I. 15 3.1s +o. 74 

RELATIVE FKUMIDITP (%) 

13.08 

12.71 

la 16 

5.16 

11.10 

-3.25 25.46 4-0.88 19.50 4-1. W _ _ _ _ _ _ _ _ _ _ _ _  ~ . 3 7 + 0 . 7 5  is .oa+asz 
-3.12 00 +a a 16. 07 +o. 19 

-2.34 1s. 16 -0. 81 13.20 -a 09 

-I. 30 6.51 -1. aa 5.32 -0. ia 

1.83--0.83 3 .a8 -am _ _ _ _ _ _ _ _ _ _ _ _  

-?. 78 19.40 +O. 09 1 4 , s  +O. 04 

9.39-1.87 13.61 -1.29 1237+0.18 
8.61-1.40 11.39-1 54 11.25+0.34 
6.68-1.38 8.17-1.72 S71+0.47 

3.99-0.88 6.52-0.77 _ _ _ _ _ _ _ _ _ _ _ _  
2.8-1.01 4.76-0.41 
206-1.11 4.16-0.14 _ _ _ _ _ _ _ _ _ _ _ _  

- - _ - _ _ _ - _ _ _ _  268-0.39 _ _ _ _ _ _ _ _ _ _ - -  

VAPOR PRESSURE (mh.) 
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TABLE 2.-Free-air resultant u6nds (m. p .  8.) during June, lQ84 

~ ~~~ ~ ~ 

Mean byearmean Mean %yearmean Mean 4-yearmean Meen 7-yearmean Mean 5yearmean Mean 5yesrmean 

Dir. Vel. Dir. Vel. Dir. Vel. 

1.1S.54°W. 1.2 
1. 5ow. 4 .88 .  4ow.  _ _ _ _ _ _ _ _ _ _ _  8 . W W .  &OS. 6'E. 3 .8 'S .WW. 1.38.53OW. 1.3 

1. BOW. 7.2 5. ZPW. lVW: 1 : 5 8 : W W :  g l S :  SOW: &z(S:W"'. 5;38.M0W. 8.6 
1. MOW. 7.5 8. %'W. 42OW. 208.!47°W. L48.1oOW. (L41N.86°W. 5.78.78'W. 4 0  

1. s o w .  7.6 8. W W .  W W .  3.5S.!B0W. 888.13'W. &4l8.84'W. 9.5S.&0W. 8 7  

1. 74ow. 7.7 5. 4 v w .  W W .  7 . 3 S . W W .  835.18OW. 5 .618 .830W.122S.85~W.10.2  
soow. 9 1s W W  3.3s 11'W 5.P - - -_- -_- -  _ _ - -  ----___---._- 
' _ _ _ _ _ _ _  11:3S: MOW: 5.88: 11.w: 8 4 !  -___ - -__ -  _ _ _ -  - - - _ _ _ _ _ -  -_.- 

-- 

--I---- 3.218.63~W. 

1. 6'W. 6.28. 8DW. 16-E a 4 9  w w  7 9 s  low ~ 3 1 s .  sow I 8 s  470w 2 2  
1. 13'W. 7.1 8. 1CW. 4 0 w " i  is'zzow' i s s '  4ow' 5 .7s  MOW: 3 ' 6 s : ~ ~ :  2 9  

$. 44ow. 8.18. 8lDW. 4 7 0 ~ .  a 5 s . 2 8 0 ~ .  7.7s. IPW. L Q N . ~ F W .  7 .65 .  w w .  4.5 

1. 5 v w .  a 9 8. 39ow. 7 r w .  5.3s. BOW. 82s. i eow.  5 . 4 ~ ~ ~ i ~ w . 1 0 . 9 ~ .  w w .  as 

. ' ~ e ~ w . i a ~ s  mow 9 5 s  ~ P E .  a31 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --...-....- 8: 68ow: i s s :  mow. 9.9' -.-...--..-_..--...-...... 

Toward the latter part of the month pressure dimin- 

I I 
T H E  WEATHER EqEMENTS 

By P. C. DAY, Meteorologist, in Charge of Division 

PRESSURE AND WTNDB 

As was the case during the preceding month, there 
were frequent cyclonic developmentLJ over the interior 

articularly from the Rocky 
bountains to the Ohio $alley, iving much cloudy, 

these disturbances reached important groportions or 
maintained their identity for considera le periods of 
time. Although, as often happens in summer, these 
c~~clonic conditions were not pronounced, they gave 
m e  to frequent local disturbances such as thunderstorms, 
hail and wind storms and even tornadoes of severe 
character, and the month as a whole had an unusual 
number of such storms. 

The first cyclone of the month to develop into import- 
ance waa central on the morning of the 5th over the 
middle Missouri Valley, extending northward to Mani- 
toba. This moved rapidly northeastward beyond Lake 
Superior during the following 34 hours, but it was 
attended by heavy rains in portions of the Mississippi 
Valley and by severe local storms in Illinois and near-by 
States. 

Immediately following this, cyclonic conditions 
developed over the Plateau region, and b the morning 

was central over the middle Rocky Mountains. As 
this moved slowly eastward into the central valleys, 
heavy rains occurred over wide areas, and severe local 
storms were reported from many sections of the Missis- 
sippi Valley and to the eastward. Low pressure, with 
attendant showers and local heavy storms persisted over 
much of the Mississip i and Ohio Valleys and to the 

morning of the 17th unsettled weather had a ain over- 
and 

heavy rains with local severe storms prevailed during the 
following 24 to 48 hours from the Mississippi Valley 
northward to the Dakotas and into the adjacent portions 
of Canada, the storm having been forced far to the 
northward on account of anticyclonic conditions existing 

ortions of the country, 

rainy weather over the central va P; eys, although few of 

of the 7th a disturbanco of considerab 9 e importance 

eastward until about t f e middle of the month. On the 

spread the western mountains and Great Pains, P 

wides read rains occurred during 
deca C f  e over many sections from 

the Great Plains eastward, although there were no 
important c clonic developments until toward the end 
of the perio8. 

ished over the by themorning of the 

the follow- 

region into the St.. Lawrence Valley, attended over por- 
tions of northern Ohio during the afternoon of the 28th 
by one of the severest tornadoes of recent years, a full 
account of which will be found elsewhere in this issue. 

The distribution of the atmospheric pressure during 
the month had no pronounced tendency, further than 
toward lower than normal avera es over the central and 

averages over the northwestern and far western districts. 
Average pressures were higher than during tshe preceding 
month from the Mississippi Valley eastward, and msinly 
lower to the westward. 

Despite the fact that barometric chan es were maid 

were frequent and often associated with hail, causing 
wide damage to crops and injury to trees, buildin-, eto. 
A list of the more important storms of the month follows 
at the end of this section. 

eastern districts, and to somew a a t  higher than normal 

slight and the gradients usually shallow, f oca1 high win B s 

TEMPERATURE 

At the beginning of the month temperatures remained 
below normal from the Great Plains eastward, as had 
been the case during the precedin month, while west of 

there was some relief from the aevere heat experienced 
during much of the preceding month. 

The seven-day eriod, the 3d to loth, continued cold 

perature aver es for the week ranging mainly from 6' 

however, a change to conditions more nearly normal with 
had set in and the week as a whole 

during the 

the Rocky Mountams warm weat 7 ier continued, though 

over most centra P and all northern districts, the tem- 

to 12' below t P e normal. In the more southern States, 


